Extracts of fresh and dry Ailanthus altissima leaves from Croatia were evaluated for their phenolic composition, antioxidant and antimicrobial activities. The methanolic extract had a higher concentration of total phenolics, flavonoids and non-flavonoids, as well as a higher antioxidant capacity than water extracts. Flavonoids identified in A. altissima leaves belong to two groups: flavones (glycosides of apigenin and luteolin) and flavonols (glycosides of quercetin and kaempferol). They were mainly present as glycosides, quercetin-3-O-glucoside was the predominant flavonoid. Only traces of aglycones were detected even after extract hydrolysis. Caffeic acid was the predominant phenolic acid both before and after hydrolysis, followed by chlorogenic acid after hydrolysis. The concentration of chlorogenic acid significantly increased soon after tissue fragmentation suggesting this compound is involved in rapid response against mechanical wounding in A. altissima. Therefore, to increase the chlorogenic acid concentration, mechanical wounding could be applied. The acetone leaf extract was as active against Escherichia coli as the positive control gentamicin. Both acetone and methanol:dichloromethane extracts had a higher activity against Candida albicans than a standard drug amphotericin B. Therefore, A. altissima could serve as a valuable resource for antimicrobial activity, which makes this species interesting for further investigation and possible pharmaceutical application.
Ailanthus altissima (Mill.) Swingle or Tree of Heaven (Simaroubaceae) is an invasive deciduous tree. High production of seeds dispersed by wind, extremely fast growth (2 m/y), and a high regenerative capacity makes A. altissima easily dispersible and hard to control and therefore is considered one of the worst invasive plant species [1] . A. altissima contains a quassinoide ailanthone, 18 alkaloids, 62 terpenoids, 15 steroids, 30 aliphatic components, 7 flavonoids and several coumarins, organic acids and lignans [2, 3] , which are responsible for biological activities of its extracts. Luís et al. [4] found highest phenolic content in A. altissima leaves, followed by stalks and stems. It makes sense to investigate the possible use of invasive plant species because it grows easily. Pedersini et al. investigated its use as a herbicide [5] .
The aim of this study was to provide new information on the chemical composition and biological activity of different extracts of A. altissima leaves. For that purpose we: a) analyzed total phenolic, flavonoid and non-flavonoid compounds content, b) determined antioxidant capacity of different extracts, c) developed a short RP-HPLC (reversed phase-high performance liquid chromatography) method for separation and identification of flavonoids and phenolic acids in extracts, d) qualitatively and quantitatively compared extracts on the level of flavonoids and phenolic acids, and f) determined the antibacterial and antifungal activity.
Total phenolic (TP), flavonoids (TF) and non-flavonoids (TNF) contents as well as antioxidant capacity (AC) were the highest in the methanolic extract of fresh chopped leaves, followed by the water extract of dry ground leaves, and water extracts of fresh chopped and whole leaves ( Figure 1 , Table 1 ). The highest TP (247±8.4 mg GAE/g dw), TF (57±1.1 mg CE/g dw) and TNF (164±3.9 mg GAE/g dw) contents of methanolic extracts were expected due to the ability of methanol to damage cell membranes and dissolve highly polar compounds present in leaves [6] . There was no significant difference in TP, TF and TNF content between water extracts of intact and chopped leaves. The degree of tissue damage therefore did not influence their content.
Antioxidant capacity (AC) was determined by ABTS, FRAP and DPPH assays ( significant difference (p ≤ 0.05) between all extracts, while in the case of ABTS assay, there was no significant difference between the values obtained in water extracts of fresh tissue. We also found a positive correlation between AC and TP, TF and TNF contents.
To separate and identify phenolic compounds, we developed a new RP-HPLC method. Compared to the so far available [4, 7] , ours is significantly shorter, takes less time and solvents, therefore is more economic. The highest amount of flavonoids and phenolic acids was recorded in methanolic extracts. The RP-HPLC chromatograms of standard phenolic compounds, flavonoid glycosides and phenolic acids in methanolic extract are shown in Figure 2 .
Flavonoid contents were quantified at 360 nm and phenolic acids at 310 nm. Three main peaks at 360 nm were identified based on their retention times, UV spectra, co-injections with standard compounds and previous reports [4, 7] .
From the flavonoid composition of water and methanolic extracts of A. altissima dry and fresh leaves, respectively it was clear that no flavonoid could be identified in water extracts of fresh leaves ( Figure 3 ).
From dried leaves Q-3-O-glucoside (2.7 g/kg dw), kaempferol-3-Oglucoside (0.5 g/kg dw) and luteolin-3,7-di-O-glucoside (0.1 g/kg dw) were extracted with water. Methanol extraction of flavonoidglycosides from fresh chopped A. altissima leaves yielded Q-3-Oglucoside as the predominant compound (2.7 g/kg fw), followed by apigenin-8-C-glucoside (0.7 g/kg fw), kaempferol-3-O-glucoside (0.6 g/kg fw), luteolin-3,7-di-O-glucoside (0.1 g/kg fw) and kaempferol-3-O-rutinoside (0.0 g/kg fw). The total amount of flavonoid-glycosides identified in water extract of dry leaves was 3.3 g/kg dw, while in methanolic extract of fresh leaves it was 4.17 g/kg fw. The predominant flavonoid in the extracts was quercetin-3-O-glucoside with 80.5% and 64.8% of total identified flavonoids, respectively. The relative percentage of kaempferol-3-O-glucoside (around 15%) and luteolin-3,7-di-O-glucoside (around 3%) was similar in methanolic and water extract. Two additional flavonoids 
identified in methanolic extract of fresh leaves (apigenin-8-Cglucoside with 17.6% and kaempferol-3-O-rutinoside with 0.2% of total identified flavonoids) were extracted, but the content of the main flavonoid quercetin-3-O-glucoside decreased. Analogue flavonoid aglycones were found by Loizzo et al. [8] and Said et al. [9] in methanolic extract of Egyptian A. excelsa leaves, however they also identified other glycosides, which not surprising given that they used different species. Quercetin-and kaempferol-glycosides are also the main flavonoids in leaves of A. altissima from Tunisia [7] .
Among phenolic acids, before hydrolysis caffeic was predominant both in methanolic extract of fresh leaves with 99.2%, and in water extract of dry leaves with 96.2% (Figure 4 ). After hydrolysis, caffeic acid was still predominant in both extracts with 64.4% in methanolic and 72.3% in water extract, however a significant amount of chlorogenic acid was also detected (33.0% in the methanolic and 22.4% in the water extract), which suggests chlorogenic acid was mainly present in bound forms in A. altissima leaves. These results are different than those from Luís et al. [4] who found ellagic and chlorogenic acid as predominant in A. altissima from Portugal, and those from Albouchi et al. [7] who found gallic and chlorogenic acid as dominant in A. altissima from Tunisia. Since the biosynthesis of phenolics in plants depends on numerous environmental factors [10] , phenolic profiles of populations from different geographical areas significantly differ. Also, the extraction process of Luís et al. [4] differs from ours and this could cause the discrepancy as well. In order to determine the optimal state of leaves for the highest yield of bioactive compounds, we compared the content of phenolic acids between water extracts of fresh chopped and dry ground leaves; dry ground leaves contained significantly higher amounts of caffeic, chlorogenic, pcoumaric and ferulic acid (Figure 4 ). Finally, we compared the water extraction efficiency between fresh whole and fresh chopped leaves; no flavonoids could be detected in either of the samples, and significantly higher amount of chlorogenic acid was present in cut leaves. We presume chlorogenic acid has a protective effect and is released after mechanical wounding of A. altissima leaves. Similar tendency was observed on potato tubers, carrot and lettuce [11] [12] [13] .
The application of abiotic stress in plant tissues has already been proposed as a possible strategy to increase level of high value phenolic compounds [12] .
Many plant species have very good antimicrobial activities [14] . Even though the phytotoxic effect of A. altissima is the best studied biological property of this species, there are a few papers on its antimicrobial activity. Balkan et al. [15] found an MIC of 1.3 for ethanol and 2.5 mg/mL for methanol extract against some cereal plant pathogens. Albouchi et al. [7] concluded that methanol extracts are not active against Gram negative bacteria, however they used agar diffusion methods that do not yield results which can properly be compared between different laboratories [16] . Rahman et al. [17] found MICs of 0.13 to 0.5 mg/mL against several Listeria species, 0.13 to 0.3 mg/mL against different Staphylococcus aureus isolates, 0.5 mg/mL against Bacillus subtilis and Escherichia coli and 0.3 mg/mL against Pseudomonas aeruginosa.
The activities we found (Table 2) were much higher than those reported by previous authors. The MIC of positive control gentamicin for antibacterial activity was 0.0 mg/mL in all cases, and positive control B-amphotericin for antifungal was 0.1 mg/mL. With P. aeruginosa as an exception, the acetone extracts showed a higher or similar activity to that of methanol:dichloromethane extracts. The results for the extracts against different microorganisms varied from 0.0 to 0.6 mg/mL. We found that the acetone leaf extract had an excellent MIC of 0.04 mg/mL against E. coli. This value was as good as that of a generic drug gentamicin. This discrepancy with the results of other authors may be due to the extraction solvents or less sensitive bioassay methods used. The result against the fungus C. albicans was also very promising. The extracts had a higher activity than amphotericin B, a gold standard in antifungal therapy. It may be worthwhile to determine the cytotoxicity of the extracts and to isolate the antifungal compounds. 
Experimental
Extracts preparation: Extracts for antioxidant properties, and for phenolic composition analysis were prepared using water or 99.5 % methanol. Water extracts were prepared using the modified method of Lawrence et al. [18] . Whole and chopped fresh (200 g) and finely ground air-dried (100 g) leaves were extracted by maceration in 1 l of deionized water for 48 h and filtered through Whatman #4 filter paper. Methanolic extract was prepared using the modified method of Tsao et al. [6] . Chopped fresh leaves (327 g) were soaked in 1800 mL of methanol for 72 hours at room temperature. After extraction the supernatant was filtered and evaporated to a volume of 140 mL by rotary evaporator (< 40 °C), then the water was made up to a volume of 500 mL. Extracts were stored at 4 °C until use.
For antimicrobial assays finely minced dried plant material was extracted using acetone because this was shown to be the best extraction solvent for antimicrobial activities [19, 20] . A 1:1 mixture of methanol and dichloromethane was also used. The rationale is that dichloromethane would break cell membranes and extract non-polar compounds and that methanol would extract polar compounds. In both case a ratio of 10 mL of extractant per g dry mass under vigorous shaking was used. The pellet obtained after centrifugation was re-extracted two times more. The volatile extraction solvents were removed from the extract at room temperature over a current of cold air.
Total phenolics, flavonoids and non-flavonoids content and antioxidant capacity: Total phenolics content (TP) was determined using the method of Singleton and Rossi [21] , while total nonflavonoids (TNF) content was measured as described by Ough and Amerine [22] . The results are expressed as mg of gallic acid equivalents (GAE) per g of plant dry weight (dw). Total flavonoids content (TF) was determined by method described in Martins et al. [23] . The results are expressed as mg of (+)-catechin equivalents (CE) per g of plant dw. All measurements were performed in duplicates per treatment and repetition, and the results are expressed as mean values ± standard error (SE). Antioxidant capacity (AC) of extracts was determined using DPPH, ABTS and FRAP assays. All procedures are described in details by Poljuha et al. [24] . The results of DPPH and ABTS assays were expressed in mmol of Trolox equivalents (TE) per 100 g of dw while results of FRAP assay were expressed as reducing ability equivalent to 1 mmol FeSO 4 + per 100 g of dw. All AC measurements were performed in triplicates per treatment and repetition, and the results are presented as mean values ± SE.
RP-HPLC analysis of phenolics: RP-HPLC analyses were performed using the Agilent 1100 Series system equipped with C-18 column as described in Poljuha et al. [24] . Gradient profile was 1612 Natural Product Communications Vol. 12 (10) 2017 Poljuha et al.
(A/B): 0-30 % B for the first 20 min, then to 100 % B over the next 1 min, maintained at 100 % B for 5 min, and returned to the initial conditions. Injection volume was 5 µl. Phenolic compounds were characterized and quantified as in Poljuha et al. [24] . The calibration curves were made by plotting the mean peak area versus the concentration of standards, and are together with their R 2 values shown in Supplementary Table 1. For the purpose of phenolic aglycones analysis, acid hydrolysis of each extract was conducted as follows: 250 µL of each phenolic extract was mixed with 28.3 µl of concentrated HCl, and incubated for 2 h at 80 °C and 300 rpm. The solutions were centrifuged three times (13000 rpm, 5 min) and the supernatants stored at -20 °C until analysis.
Antimicrobial testing:
The dried extracts were made up to a concentration of 10 mg/mL in acetone because acetone is not toxic to microorganisms, dissolves non-polar and polar compounds and is miscible with the microbial growth medium [23] . The minimum inhibitory concentration (MIC) was determined in a serial dilution microplate method using p-nitrotetrazolium violet as a growth indicator for bacteria [25] and a slightly modified method of Masoko et al. [26] , for fungi.
Statistical analysis:
On the obtained herbicidal effect data ANOVA + Tukey test, p ≤ 0.05 were performed to determine if there was any significant difference in different treatments on tested species. TP, TNF, TF contents and AC data were analyzed by ANOVA + Tukey test, p ≤ 0.05 and p ≤ 0.01 to determine the significant difference between the contents and antioxidant capacities of each extract.
Supplementary data: Calibration curves and R 2 values of the selected phenolic standards.
